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This paper discusses the electromagnetic (EM) signature of Arabic alphabets that can be considered as standards particles to
form chipless tags. Normalized Arial font is suited as example but the method can be applied for any other font. The letters are
realized by metallic strips or better, by conductive ink. All the 28 letters have been simulated and their EM signatures for both
field polarizations are extracted. It is demonstrated that combining vertical and horizontal responses allow the identification
of letters without ambiguity. Moreover, the case of letter with punctuation (one to three points) is considered in more details.
Indeed, we propose to modify very slightly these letters by connecting the points to the body of the letters. This connection is
made by a unique straight and very thin strip. Under this modification these letters exhibit more exploitable signatures.
Finally, a lookup table for identification of the 28 letters is carried out.

Keywords: Chipless, RFID

Received 13 May 2015; Revised 28 September 2015; Accepted 29 September 2015

I . I N T R O D U C T I O N

In modern societies, identification and authentication of items
and persons are more and more required particularly in the
context of the Knowledge Society and the Internet of Things
paradigm. Among the useful techniques for identification,
wireless technologies are the most relevant and enabling
methods. Radio frequency identification (RFID) is an auto-
mated wireless data-capturing technique, which utilizes
radio frequency (RF) waves for data transmission between
the transponder and the reader [1]. RFID traditionally uses
an IC chip inside the transponder to store the useful informa-
tion regarding the item or the person to be identified or
tracked. RFID reader could be used to retrieve this informa-
tion, which is later relayed to a database or a big data
system for processing and exploitation [2]. RFID offers lot
of advantages as large reading range, no constraint of sight’s
line, complete automation, and large amount of information
storage capacity.

Despite all these advantages, cost of RFID tag still remains
a huge feature, which has curtailed its influx into the market
(http://www.idtechex.com/). This made it imperative to
develop an alternate low-cost way of object identification.
As a result, over the years, a lot of research efforts have

been devoted toward developing chipless RFID technology
[3]. Besides reducing the cost of tag, chipless RFID is seen
as the master technology to enable smart applications such
as the Internet of Things. Chipless RFID tags are passive ele-
ments and have compact size. They can be easily attached to
items for purpose of identification and potentially for
sensing [4]. For other advanced applications, tags can be
attached to persons and animals, sometimes implanted
within body for medical monitoring [5, 6].

One attractive alternative is to consider the printed infor-
mation on the item or its packaging as an identifier. This sup-
poses that the marked information (letters, numbers, specific
signs, etc.) have specific and unique characteristics that allow
their identification. Only few attempts have been found in the
literature for the exploitation of alphabets as RF identifiers.
Keskilammi and Kivikoski have demonstrated RFID tag
antenna using text as a meander line [7]. The same principle
can be adapted to any text if some specific, but non-standard,
shapes and sizes are determined thanks to electromagnetic
(EM) simulation that take into account the RFID chip imped-
ance. Marroncelli et al. [8], demonstrated the use of some spe-
cific texts as low-cost paper-printed antennas for Wireless
Identification and Sensing Platform WISP-based RFIDs. As
far as real alphabet using standard fonts are considered, the
most useful contributions are in [9, 10] where metallic Latin
alphabets are used as single identifiers and an identification
technique based on radar approach is developed.

In this paper, we consider the signs of another alphabet,
namely the Arabic alphabet. Even if the Arabic alphabet is
also based on single signs just as Latin alphabet, the shape
are very different. Moreover, in Arabic alphabet the use of
punctuation as points is very critical as some letter differs
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only by points. So, we are aimed to demonstrate that different
letters exhibit different EM signatures i.e. the characteristics of
the signal in frequency domain would be different and this
could be recorded in advance and used to identify the
correct letter. In more advanced design, each letter can be con-
sidered as an ‘RF Elementary Coding Particle’ providing a
unique response and the association of independent particles
could be used to obtain more complex and rich EM signature.
Of course the EM coupling between individual letters must be
taken into account in this case. One main application of
frequency-domain-based chipless RFID tags is security
where the EM signature technique is used to protect confiden-
tial data in RFID systems from unauthorized readers.

Thus, this paper is structured as follows. In Section II,
simulation’s method will be discussed. In Section III, the

case of Latin alphabet will be studied, while Section IV will
focus on Arabic alphabet. In Section V a strategy for classifi-
cation and identification is carried out together with lookup
tables. Lastly, conclusion and scope for future work is
presented.

I I . S I M U L A T I O N M E T H O D

The block diagram of a typical RFID system is shown in Fig. 1.
Due to the absence of any silicon IC, the chipless tag is com-
pletely passive, low cost, robust, and does not require a power
supply. Various coding techniques are used for chipless tags.
They are based on time-domain [11], frequency-domain
[12], phase [13], and imaging [14]. Among these techniques,
the frequency-domain provides the best data capacity for
RFID tags [15, 16].

A) Principle of the frequency signature
The concept of frequency signature is based on the interroga-
tion of the RFID tag with a multi-frequency signal and distinc-
tion of attenuated frequencies (represent by logic ‘0’) from
non-attenuated frequencies (represent by logic ‘1’) [17–19].
The variation of the amplitude and/or phase of the signal
sent back to the reader determines the nature of the logic
state ‘0’ or ‘1’. As an example, by encoding N-bit digital
word with N-attenuated frequencies, where each bit represents
a single frequency, we can create a unique frequency signature
associated with the tag. Moreover, using any metallic symbol
will provide a specific EM signature that can be described by
its resonance and anti-resonance frequencies.

Figure 2 shows the proposed operating principle of the fre-
quency signature-based chipless RFID tag. The frequency sig-
nature then represents the total response of the characterized
chipless by a set of resonant and anti-resonant frequencies.
For the purpose of application, each tag should have a
unique code (tag ID) depending straightforwardly on the
shape of the tag. The proposed chipless tag based on the
alphabet geometry, may be then an adequate solution for
the security of confidential data in RFID systems due to its
complex and unique EM signature.

B) Simulation procedure
The metallic Arabic letters was simulated using the software
CST Microwave Studio. We have first illuminated each letter
with an incident plane wave and a probes are placed around

Fig. 1. A block diagram of a typical RFID system.

Fig. 2. Principle of the EM signature for chipless RFID tags.

Fig. 3. Principle of the analysis technique (z ¼ 350 mm): (a) incident plane, (b) vertical polarization, (c) horizontal polarization.
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(0 along the x-direction, 0 along the Y-axis, and 350 mm
along the Z-axis) it in order to determine both the electric
field and the radar cross-section in the far-field region over
a wide frequency band extending from 1 to 10 GHz. Open
boundary conditions are used throughout this paper. The
magnitude of the incident electric field is 4 V/m. Therefore,
the complete simulated EM response of the letter was ana-
lyzed (Fig. 3).

Analysis of the frequency spectrum reveals the presence of
resonance peaks mainly depending on the length of induced
surface current paths within the shape of the letter. As the
Arabic letters are rich in forms and characterized by different
shapes, their electrical length may be different which leads to
different resonant frequencies. As we will see in the next sec-
tions, the localization of these resonances in the EM spec-
trum permits us to identify all letters of the Arabic
alphabet without ambiguity. Therefore each letter can be
seen as a coding particle and the association of several
letters can be considered for more advanced and complex
coding.

I I I . L A T I N A L P H A B E T C A S E

A few years ago, Keskilammi and Kivikoski have shown that
some metallic words can be used as radiating elements for
transponder, in top of their visual identification [7]. Since
then, few research efforts have been devoted toward develop-
ing chipless RFID tags based on letters, numbers, specific
signs, etc. [9, 10].

In an ulterior work [9], the authors have developed for the
first time chipless RFID tags based on Latin letters, in order to
combine classical visual identification with EM identification.
They have demonstrated by simulation and measurement that
metallic letters can be identified by use of EM wave as interro-
gation signal. Both simulated and measurement results have
shown that it is possible to recognize the entire Latin alphabet
composed of 26 letters with high confidence.

Arial alphabet was considered with vertical letters with
24 mm of width and 24 mm of height. It is shown that each
letter is characterized by its own and unique EM signature.
It is also shown that varying the letters size may produce

Table 1. Lookup table for 24 mm Arial font. Up: vertical polarization. Below: horizontal polarization. Resonant frequencies are in GHz. ‘Min’ indicates
anti-resonance frequency. The used substrate is Kapton (permittivity: 1r ¼ 3.5, loss: tand ¼ 0.004, thickness: t ¼ 0.1 mm).

A B C D E F G H I J K L M

5.52 4.84 2.4 4.94 2.6 3.67 2, 4.74 6,00 5.45 4, 8.56 4.28 3.92 3.86
7.9 6,00 8.4 5.74 8.00

N O P Q R S T U V W X Y Z
6 5.1 4.4 4.5 4.82 2.54 3.96 5.4 5.5 3.86 4.22 4.62 2.88

8.1
A B C D E F G H I J K L M
4.64 8.21 5.70 5.2 8 3.67 4.6 3.2 Out 4 4.02 4 2.27

range 8.36 7.45
N O P Q R S T U V W X Y Z
2.75 5.03 8.4 5.17 4 8 2.57 3.14 2.21 4.69 4.56 8

Min 7.5 Min 5.5
5.82 7.2

Fig. 4. Layout of the 28 letters designed with Arial font.
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only a frequency shift of resonances. Table 1 provides the
lookup table for 24 mm Arial font as discussed in [9, 10]
(Fig. 4).

I V . A R A B I C A L P H A B E T C A S E

A) Design of Arabic letters tags with Arial font
Arabic alphabet may be written with many fonts; therefore in
our study we have considered the Arial font due to its simpli-
city and widespread use. First, the letters were drawn with the
software AUTOCAD 2014 with the help of the text option
‘explode’. Figure 2 shows the layout of Arabic letter with
Arial font. Then, the different shapes of all letters were
exported to the EM simulator CST for analysis.

A font height of 24 mm was chosen as standard in order to
obtain resonating structure in the ultra-wideband range 1–
10 GHz. Figure 5 shows an example of a tag structure based
on the Arabic letter with main design parameters.

Alphabet letters were placed in the ‘xoy’ plane, and an inci-
dent plane wave traveling along the ‘z’ direction with horizon-
tal (along the x-axis) or vertical polarization (along the y-axis)
was considered to excite the letter-tag. Both X and Y compo-
nents of the far-field were recorded but Y component (compo-
nent along transmitting antenna’s polarization) is of more
interest for us since we are interested in using mono-static
configuration.

Simulations were done for all the 28 Arab letters with both
horizontal and vertical polarizations. Selected letters showing
resonances in the first (2–3 GHz), medium (4–6 GHz), and
last ranges (6–10 GHz) of the explored band 1–10 GHz, are
discussed below. Moreover, letters showing multi-resonances
and letters characterized with one to three points in their
geometries were presented.

B) Results for horizontal polarization

1) letters showing peaks in 23 ghz

This set of letters is characterized by the largest length in the
horizontal direction. The letter has the lowest resonant fre-
quency due to its length. It is also interesting to notice that the
letters , have nearly the same response. This behavior is
quite understandable as the only difference between the two
letters is the point of punctuation. In order to allow the

distinction between these we will suggest a slight modification
of the punctuation here after (Fig. 6).

2) letters showing peaks in 46 ghz

These letters have a medium length in the horizontal direc-
tion. As expected the letters , have nearly the same response
(Fig. 7).

3) letters showing peaks in 610 ghz

These letters have a minimum length in the horizontal direc-
tion. As expected the letters , on one side and , on a
second side have nearly the same responses (Fig. 8).

C) Vertical polarization

1) letters showing peaks in 23 ghz

In the vertical direction, the letter has the largest length and
therefore it exhibits the lowest resonance frequency.

2) letters showing peaks in 46 ghz

As expected the letters, , have nearly the same responses.
Moreover, the letters , have the largest resonance frequency
and nearly same responses.

3) letters showing peaks in 67 ghz

It is interesting to notice that the letter has several vertical
resonances due to the existence of several specific parts in the
vertical direction (Figs 9–11).

Fig. 5. Tag layout with different design parameters; a ¼ 37 mm; c ¼ 24 mm;
substrate flexible Kapton (relative permittivity: 1r ¼ 3.5, loss tangent: tand ¼
0.004, thickness: t ¼ 0.1 mm).

Fig. 6. E-far-field versus frequency for Alphabets , and

Fig. 7. E-far-field versus frequency for Alphabets , and
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D) Letters with multi-resonances
As it can be noticed from the previous sections, some of the
alphabets have several resonance frequencies in horizontal
and/or vertical polarizations. As it can be observed from the
shape of the letters, the potential of resonance in the vertical
polarization is more effective. Indeed some letters have
several specific lengths in that orientation. Tables 2 and 3
provide some resonances for the two polarizations.

E) Letters with points
As noticed in the Introduction, the Arabic letters can differ
only by adding one, two or three points. This could be a
source of ambiguity when comparing the EM signature of
two letters having only points as difference. Single point,
due to its size, cannot introduce of modify the EM response
in the considered frequency band. A compromise is used to
overcome this problem is to connect the punctuation points
to the body of the letter as it is illustrated in Fig. 12. The con-
nection is made by very thin straight line in order to avoid any
visual modification of the footprint of the letter. In our

Fig. 9. E-far-field versus frequency for Alphabets and

Fig. 11. E-far-field versus frequency for Alphabets , and
Fig. 8. E-far-field versus frequency for Alphabets , and

Fig. 10. E-far-field versus frequency for Alphabets and

Table 2. Multi-frequency resonances of some letters obtained with hori-
zontal polarization.

Letters

Resonant frequency
(GHz)

3.56 2.48 2.50 3.74 6.24 2.60 2.71

3.93 5.13 5.04 7.62 3.17 4.55 5.34
9 6.27

Letters
Resonant frequency

(GHz)
2.69 4.03 3.86 3.07 2.80 3.24 3.02

3.45 5.95 5.05 5.38 9.01 7.26 6.14
7.01

Table 3. Multi-frequency resonances of some letters obtained with verti-
cal polarization.

Letters

Resonant
frequency
(GHz)

3.66 2.49 5.15 2.92 3.07 2.60 7.98 3.37

8.64 7.92 2.52 7.06 6.10 4.51 2.60 6.08
7.97 7.95 8.61

Letters
Resonant

frequency
(GHz)

3.84 3.16 2.89 3.25 3.22 3.01 3.76 3.30

5.32 5.59 4.87 7.24 6.55 6.22 7.80 5.99
7.99 8.71
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simulation, we used a substrate of 0.1 mm of thickness. Two
examples for the case of one point and three points are dis-
cussed below:

1) example of letter with one point: letter ‘ ’

To demonstrate the effect of this slight modification we simu-
lated the original ‘ ’ letter and the modified one obtained by
the connection of point to the body of the letter. Simulation
results are shown in Fig. 13. The modification is clearly
visible in the figure and the new resonances of the modified
letter ‘ ’ are given in Table 4.

2) example of letter with three points:

letter ‘ ’

The same study has been conducted for the letter ‘ ’. In that
case we are dealing with a group of three points. We just added
a very thin straight line of 0.1 mm of thickness. This straight
line connects the three points together and to the body of the
letter. This modification is shown in Fig. 14. We simulated the
original letter ‘ ’ and the modified one and we have found

that the modification is also visible in the figure and the
new resonances of the modified letter ‘ ’ are given in
Table 5. Simulation results are shown in Fig. 15.

V . S T R A T E G Y O F I D E N T I F I C A T I O N

With the aim is primarily to harness these results and propose
a chipless identification technique based on the use of Arabic
alphabet, it is required to define a set of letters having different
EM signature and providing different resonances. Compiling
the results discussed in the previous section, it is quite
straightforward to define a lookup table for identification
purpose. Mapping the resonances to the letters the comple-
mentary following tables can be constructed.

From these tables one can identify and recognize the letters
simply by measuring the resonant frequencies but for both
polarizations. In practice, it is possible to excite the two polar-
izations in the same time, but the vertical and horizontal fields
should be measured separately.

Moreover, the orientation of the excitation and reading
antennas are important parameters. To study such effects,
we simulate of all the alphabets with an angle of 458. In this
situation, both horizontal and vertical field components are
generated. In the figures mentioned we reported the results
for two letters. In each case we compare the frequencies
obtained for the three orientations of the excitations: horizon-
tal, vertical, and 458. We clearly notice that for 458 we have all
the frequencies for horizontal and vertical cases. Hence, a

Fig. 12. Example of a letter with one point: (a) letter ‘ ’. (b) letter ‘ ’. (c) letter ‘ ’ with connection.

Fig. 13. E-far-field versus frequency for Alphabets ‘ ’ and ‘ ’ (a) before (b) after connection.

Table 4. Resonance frequencies of letter ‘ ’ and ‘ ’ obtained with both
horizontal and vertical polarizations.

Letter ‘ ’ Modified letter ‘ ’

Fr (vertical polarization) (GHz) 5.59 4.28
Fr (horizontal polarization) (GHz) 5.52 8.44
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robust system could be composed of three antennas: one for
the excitation at 458 and two for reading, one horizontal,
and one vertical (Figs 16 and 17). Moreover, some specific

signs (such as cross) can be added in order to calibrate the
orientation of the reader separately (Table 6 and 7).

V I . C O N C L U S I O N

In this paper, the EM signature of Arabic alphabets was inves-
tigated numerically in order to use them as RF elementary
coding particles for chipless RFID applications. The standar-
dized 28 Arial font Letters of 24 mm of height was studied
for that purpose. For the simulation each letter was considered
on thin and flexible Kapton substrate of size 37 × 37 mm2,
permittivity 3.5, loss tangent 0.004, and thickness 0.1 mm.
The EM signatures for both field polarizations were simulated

Fig. 14. Example of a letter with three points: (a) letter ‘ ’, (b) letter ‘ ’, (c) letter ‘ ’ with connection.

Table 5. Resonance frequencies of letter ‘ ’ and ‘ ’ obtained with both
horizontal and vertical polarizations.

Letter ‘ ’ Modified letter ‘ ’

3.07 2.60
Fr (vertical polarization) (GHz) 6.10 4.51

7.97 7.95
3.17 2.60

Fr (horizontal polarization) (GHz) 6.24 4.55
6.27

Fig. 15. E-far-field results in dual polarization for letters ‘ ’ and ‘ ’: (a) before, (b) after connection.

Fig. 16. Simulation results for the letter ‘ ’: left is the orientation of the excitation antenna at 458, and right the simulation results for the three orientations. All
resonant frequencies are exhibited when the excitation is at 458.
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in the frequency band 1–10 GHz. Our results unambiguously
show that using both vertical and horizontal responses allow
the identification of letters. One major characteristic of
Arabic letter is the punctuation signs, as many letters can
differ only by points. To overcome this ambiguity, letters
with punctuation (one to three points) were modified slightly
by connecting the points with a straight and very thin strip to
their main bodies in order to differentiate their EM responses
from similar letters without points. All these results allow one
to finally build a lookup table for identification of the 28
letters. An example of this identification tables is provided
in this work.

Moreover, we observed that bandwidths of the resonances
of Arabic letters are quite wide. This is one of the most salient
differences when compared with Latin alphabet. We think
that coding capacity is not the real issue for this kind of
letters. The most important is to be able to recognize all the
alphabets without ambiguity. This work demonstrates this
potential on the basis of the measurement of the resonant fre-
quencies. But other approaches for the global identification of
the Arabic alphabet based on the exploitation of the full EM

signature can be considered and should lead to more powerful
and secured identification technique. Future work will focus
on that topic.
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